Background: Surgical site infection (SSI) is the most common nosocomial infection in surgical patients with an incidence that varies between 5-30%. Aim: Identify the risk factors for SSI in colonic surgery in our population. The secondary aims are to determine the incidence and type of SSI, as well as the incidence of an anastomotic leakage (AL). Methods: Case-control study of patients undergoing colectomy between 2010-2014 at the Hospital Privado Univeristario de Córdoba and Hospital Raúl Ferreyra. Conventional and laparoscopic interventions, with a 30-day postoperative follow up, between 20-85 years and an ASA I-III were included. Patients undergoing emergency surgery and recto-anal resections were excluded. SSI was defined as an infection that occurred within 30 days after surgery. Results: We included 238 patients. SSI was diagnosed in 27.7% (n=66) of the patients of which 12.2% were superficial, 4.6% deep incisional and 10.9% organ/space. Multivariate analysis showed that SSI was independently associated with male sex (odds ratio [OR] 3.15; IC95%:1.43-6.92; p=0.004), having undergone previous chemotherapy (OR 6.72; IC95%:1.48-30.93; p=0.01), need for conversion (OR 3.32; IC95%:1.13-9.77; p=0.02), reintervention within the 30 postoperative days (OR 12.34; p=0.001) and AL (OR 12.83; p=0.001). AL had an incidence of 9.6%, of which 91% presented SSI and all were organ/space. Conclusion: We found that male sex, having undergone previous chemotherapy, conversion, reintervention within 30 postoperative days and AL are risk factors for SSI in our population. These results should be considered in implementing preventive measures for SSI.
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Introduction
Surgical site infection (SSI) is the most common nosocomial infection in surgical patients with an incidence that varies between 5 and 30% 1, 2 . It is associated with prolonged postoperative hospital length of stay and an increase in morbidity and costs 3 . SSI is defined as an infection that occurs within the 30 postoperative days 1 . The Center for Disease Control and Prevention and the American College of Surgeon National Surgical Quality Improvement Program (ACS-NSQIP) divides SSI into three distinct types based on the anatomic level of infection in superficial (skin), deep incisional (deep soft tissue and/or muscle) and organ/space (within the abdomen) 4 . Anastomotic leak (AL) after colonic surgery has an incidence ranging from 1.8 to 15.9%. As happens with SSI, AL is associated with prolonged postoperative hospital length of stay and an increase in morbidity and costs 4, 5 . Although multiple risk factors have been published for SSI [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , there is no consensus about their impact on our population. The principal aim of our study is to identify risk factors for SSI in colonic surgery in our population. The secondary aims are to determine the incidence and type of SSI, as well as de incidence of AL.
Methods
We performed a retrospective case-control study in which the medical history of patients undergoing scheduled colectomy was reviewed between February 2010 and December 2014 at Hospital Privado Univeristario de Córdoba and Hospital Raúl Ferreyra. Conventional and laparoscopic interventions, with a 30-day postoperative follow up, aged between 20-85 years and an ASA I-III were included. Patients undergoing emergency surgery, younger than 20 and older than 85 years, and recto-anal resections were excluded. Demographic data, colectomy indication, type of surgery, surgical time, need for conversion, mechanical bowel preparation, type of anastomosis, hypotension and transfusions were analyzed. Post-surgical variables included SSI, AL, urinary infection, tumor stage, reintervention, transfusion, death and hospital length of stay. SSI was considered as an infection that occurred within 30 days after surgery and was classified according to ACS-NSQIP 4 . AL was considered organ/space SSI when it compromised the patient clinical condition and required treatment change. We classified AL according to Rahbari 13 into three grades: grade A does not require changes in the patient treatment; grade B, requires changes in treatment, but without surgical reintervention; and grade C, requires surgical reintervention. The principles of Helsinki declaration were respected. Qualitative variables were analyzed with chi-square test while the quantitative variables were analyzed with the T test. We identified the variables independently associated with SSI from the multivariate analysis. For the statistical analysis, the IBM SPSS Statistics 21 program was used.
Results
We included 238 patients who met the inclusion criteria between February 2010 and December 2014. In the same period 165 patients were excluded. The mean age was of 65 years and 54.6% were men. SSI was diagnosed in 27.7% (n=66) of which 12.2% (n=29) were superficial, 4.6% (n=11) deep incisional and 10.9% (n=26) organ/space. The mean time of diagnosis was 6.5 days. The mean hospitalization rate was 14.5 days in patients with SSI compared to 7.7 days in those with normal evolution (p=0.001). There were 12 deaths of which 6 (2.5%) were in patients with SSI (p=0.7). Tables 1, 2 and 3 summarize the demographic, surgical, and perioperative variables, respectively. In addition, it presents the incidence of SSI according to each variable. The most frequent indication for surgery was colon cancer (69%). When compared to the rest of indications for surgery, those patients with cancer where more likely to have SSI (p=0.05) but it was not found as a risk factor. Mechanical bowel preparation was performed in 98%. Polyethylene glycol was the most used (95%) and it was associated with SSI (25.3%; p=0.04) but It was not a risk factor for the multivariate analysis. No differences were found between the types of anastomosis. Manual anastomosis presented 29.3% of SSI while the mechanical anastomosis 25.8% (p=0.7; p=0.45). We also considered side to side, end to end and end to side anastomosis and no differences were found for SSI. AL had an incidence of 9.6% (n=23) of which 91% (n=21) presented SSI and all were organ/space. Surgical reintervention was required for septic shock in 13 patients, intravenous antibiotics and total parenteral nutrition in 8, and not making changes in treatment in 2.
Discussion
SSI is a frequent problem in the postoperative period of colonic surgery. There have been multiple risk factors related to SSI published. The incidence for SSI was 27.7% in this study, similar to other series [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Male sex has previously been described as a risk factor for SSI 9, 5, 12, 14 . Among them Tserenpuntsag 9 and Gomila 14 identified male sex as a risk factor for SSI in a case control study and in a cohort study respectively (n=2656, OR:1.34, IC95%:1.1-1.6; n=3701, OR:1.57, IC95%:1.14-2.15, p=0.004 respectively). Regarding previous chemotherapy in colonic surgery in our study, 6 patients undergone chemotherapy because of colon cancer with liver metastases that underwent neoadjuvant therapy, 2 patients with previous colectomy and adjuvant therapy with recurrence at anastomosis, and 1 with seminoma with peritoneal metastases that required adjuvant therapy. Degrate 15 performed a study that included 277 patients and divided them according to the resected site (rectum, right and left colon) where previous chemotherapy was identified as a risk factor for SSI (p=0.02) although this was only found in rectal surgery. Lawson 4 conducted a cohort study involving 27011 patients and Drosdeck 16 conducted a study that analyzed risk factors for SSI in colorectal laparoscopic surgery, where they found no statistically significant association regarding previous chemotherapy (p=0.18; p=0.99 respectively). In previous studies we found data that associates previous chemotherapy as a risk factor for AL in colonic surgery, among them are Mungo 17 and Midura 5 (OR:1.97, IC95%: 1.6-2.4, p=0.001; OR:1.71, IC95%: 1.1-2.5, p=0.007 respectively).
Mungo 17 associated the need for conversion in colonic surgery to an increased risk of AL, mortality and hospital readmission (p=0.001). The relationship between the need for conversion and SSI could be explained by the increase of surgical time, as has been demonstrated in previous series. Lawson 4 described an upward relationship between surgical time and SSI of any type. The risk of deep SSI and organ/space increased from 4.4% in the shortest surgical time to 9.5% in the largest. Likewise, other authors [18] [19] [20] 12 have identified the increase of surgical time above 3 hours as a risk factor for SSI in colonic surgery with statistically significant results. In our population AL had an incidence of 9.7% of which 91% (n=21) presented SSI and all were organ/space. According to Rahbari
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, there were 2 grades A that required no change in treatment, 8 grades B requiring intravenous antibiotics and total parenteral nutrition; and 13 grades C who required surgical reintervention due to septic shock. AL causes leakage of intestinal contents into the abdominal cavity, which may spontaneously drain through drainage or may cause SSI of organ/space and increase the risk of septic shock and the need of reintervention. Lawson 4 identified AL as a risk factor for SSI (OR: 2.06, p=0.001).
In our population 8.8% (n=21) required surgical reintervention within the first 30 postoperative days. Of these, 61.9% were due to septic shock caused by SSI due to anastomosis leak (p=0.001). This could explain why the need of reintervention was identified as a risk factor for SSI. The rest of the reinterventions were due to hemorrhage (n=4), ostomal invagination (n=1), evisceration (n=1), and abscesses without AL (n=2). Cannon 21 in a cohort study that included 9940 patients, and Degrate 15 in their previously mentioned study,
showed that right colon resection has less SSI than left colon (12.8% vs. 19.6%, p=0.0001; 8% vs 18.4%, p=0.02 respectively). This is not the case in our population where right colectomy has more SSI than left (32.7% vs 24.2%, p=0.06). This study has some limitations which includes a retrospective non-randomized study with a small number of patients. As a retrospective study, the data collection on the identification of SSI and postoperative follow-up is subject to the criteria of the attending physician. However, we believe this study demonstrates the risk factors for SSI in our population and allows us to take the necessary measures to prevent it.
In conclusion, we found that male sex, having undergone previous chemotherapy, the need to convert from laparoscopic to conventional technique, reintervention within the first 30 postoperative days and AL are risk factors for SSI in our population. These results should be considered in implementing preventive measures for SSI and in planning prospective studies to confirm them.
